INTRODUCTION

Medial
moraines, including longitudinal moraines (Lliboutry, 1965) , inner moraines (Salisbury, 1894) , and other variants, are important elements in the debris-transport system of mountain glaciers (Eyles and Rogerson, 1978[b] }. They usually substantially decrease surface melt, and consequently have a major effect on the mass-balance of glaciers by protecting the ice surface from atmospheric warmth (Ogilvie, 1904; Sharp, 1949; 6strem, 1959; Loomis, 1970; Drewry, 1972) . Eyles and Rogerson (l978[a] ) reviewed earlier research on medial moraines and outlined some models of medial moraine formation from field investigations on glaciers in Norway and Canada. Two major models were described and subsequently expanded (Rogerson and Eyles, 1979) to include two variants. One major type, called the "ablation-dominant model", is initiated by debris fall and sub-surface erosion at junctions below or above the firn line. Subsequently, moraine morphology in the ablation zone is a function of the nature of englacial sediment supply. The other model, called "ice-stream interaction model", is formed below the firn line by confluent lateral moraines . Small and others (1979) described medial moraines on Alpine glaciers in Switzerland which are either variants within the "ablation-dominant" type, or may be regarded as "avalanche type", a third and minor model described by Rogerson and Eyles (1979) . The significance of the "avalanche type" is that it is not necessarily formed at ice-stream or firn-basin junctions, but is related to couloirs or avalanche gullies. These may also be major suppliers of snow to the accumulation basin. Such moraines cannot be traced up-glacier to a point of junction; the moraine instead may be central to a single flow unit all the way from its point of origin. Furthermore, the "avalanche type" may form in glaciers which are not compound, but consist of a single flow unit. In describing similar moraines, Lliboutry (1965) used the term "moraines longitudinales" and suggested they should be regarded as distinct from medial moraines. Small and others (1979) used the term "type C" to refer to the moraines which are closest in origin to the "avalanche type", although it is clear from their accompanying diagrams that they regarded compound glacier morphologies to be essential to their formation. Their medial moraine sources are always identified as points of confluence.
In this paper we describe the morphology and formation of medial moraines on simple and compound cirque glaciers in the Torngat Mountains of northern Labrador. There, moraines are fed primarily from avalanche gullies above the firn line and appear in the ablation zone as septa which are frequently unrelated to the junctions of ice streams. In the ablation zone, debris from the "avalanche-type" moraines spreads and mixes with that from other types of medial moraines to form an almost continuous cover over the termini of many of the glaciers.
Since medial moraines owe much of their surface expression to the modification of surface melt conditions, measurements of ice melt in the lower part of one glacier are presented from the summer of 1983 when the massbalance programme was augmented by a detailed examination of surface melt (Branson, unpublished) .
GLACIERS IN THE TORNGA T MOUNTAINS
The Torngat Mountains are the highest on the eastern mainland of Canada, rising to a height of 1738 m at Mount Caubvick in the Selamiut Range. Over 70 small glaciers exist in the mountains, shaded in deep cirques for the most part and seldom greater than I km 2 in area. Field investigations of four glaciers south of Nachvak Fiord and in the vicinity of the Selamiut Range began in 1981. As a part of the mass-balance programme, observations of the extent and morphology of supraglacial sediment cover provide the information for this description and analysis of medial moraines.
Fig. 1. Glaciers in the Selamiut Range and Cirque Mountain
area , northern Labrador.
WESTERII COUlOIR
The four glaciers studied are unofficially named "Superguksoak" and "Minaret" in the Selamiut Range and "Hidden" and "Abraham" on the northern flanks of Cirque Mountain to the east of the Selamiut Range (Fig. I ). Superguksoak Glacier, the largest in the Torngat Mountains (approximately 1.4 km 2 ) is the only one which may be considered compound in form, consisting of a single glacier tongue fed by two distinct accumulation basins which ' coalesce above the firn line (Fig. 2) . The zone of junction between the two basins is indistinct. Within each basin several couloirs feed snow and avalanche debris to the body of firn. Preliminary results from a survey by radio echosounder in the summer of 1984 indicate that ice thickness is over 170 m in the vicinity of stake lOO (Fig. 2) , while between stakes 10 and 30 it varies from 65 to 80 m. The terminus of Superguksoak Glacier lies only 650 m a.s.l., while those for Abraham and Hidden Glaciers are approximately 700 m and 800 m a.s.!., and the terminus of Minaret Glacier is approximately 1000 m a.s.l. (Fig. 3) . Three of the accumulation basins have similar mean elevations, rising to a maximum between 1000 and 1200 m a.s.l. The fourth, Minaret Glacier, lies almost entirely above the others in elevation with the major part of its accumulation basin over 1300 m a.s.!.
The glaciers experienced generally negative mass balances between 1981 and 1984, although both Minaret Glacier (the one with the highest altitudinal distribution) and Superguksoak Glacier (the one with the most extensive supraglacial debris cover) were slightly positive in 1982.
Superguksoak, Hidden, and Abraham Glaciers all lie within deep cirques, open generally towards the north, with rock walls between 350 and 600 m in height. Minaret Glacier lies in a shallower cirque, the walls of which rise only lOO m above the southern margin of the glacier. Supraglacial sediment on Superguksoak Glacier covers a very large proportion of the glacier below the firn line. In the case of Minaret Glacier, sediment is restricted to the western margin of the terminus. Nevertheless, the debris is virtually all derived from medial moraines on all four glaciers and only on Superguksoak Glacier, with its Numerous septa or longitudinally oriented debris bands appear on the ice surface below the mid-to late-season snow line and coalesce into four major medial moraines (Fig. 2) . These moraines merge successively down-glacier to form an extensive supraglacial debris cover. The central medial moraine (Ill on Figure 2 ), contains the clearest morphology and is longer and higher than those on either side. The up-glacier end of the moraine reveals it is formed from at least five septa (Fig. 4) , depending on the scale of observation, and sub-ridges on the moraine probably represent continuing debris supply from several of these same septa.
Late in the melt season, below the transient snow line, it can be observed that the septa have two specific and different relationships to flow units identified from deformation of primary (firn-bedding) structures on the glacier surface (Fig. 4) . Those septa which define the junctions of flow units, type x septa, must be derived subglacially from zones or points of junction between avalanche cones in the firn basin. Those which occur at or close to the centre of a flow unit, type y septa, must be derived primarily from deposition of debris down couloirs in the firn basin. These couloirs are the major source of snow to the accumulation basin. At the end of the 1983 and 1984 melt seasons, most of the snow remaining on the glacier surface was close to the foot of each couloir. Debris in type y septa is probably both bedded into the firn during avalanche events, and ingested by the firn via bergschrund-like crevasses which commonly occur in the lower parts of the couloirs. This latter process has been described by Osborn (1983) on avalanche-cone glaciers in the Canadian Rocky Mountains.
From the points at which the septa thicken to become dirt ridges, in the order of 1-3 m in breadth, the debris surface possesses distinct relief over the adjacent clean ice surface. This relief increases down-glacier relative to the clean ice, reaching a maximum on moraine HI about 200 m from the glacier terminus, about three-quarters of the way down the moraine. By that point only a narrow exposure of clean ice, II m wide, remains on the eastern side of the moraine, while on the western side there is no clean ice exposed. The moraine is 120 m wide at this point (Fig. 2) .
The contrast between the surface gradient of the moraine and that of the ice surface between the moraines is explained by the contrast in ice melt. In the summer of 1983, 13 poles were read in the lower part of Superguksoak Glacier, three of which (11, 12, and 25 on Figure 2) were located on the debris-covered ice of the medial moraines . For the period II July to 19 August 1983, ice melt on debris-covered ice was only 35% of that on clean ice (Table  I) . This is similar to contrasts reported by Young (1953) , Loomis (1970) , and many subsequent workers.
Surface drainage of melt water is largely controlled by moraine relief. Streams flow parallel to the moraines but in the hollows between them . Subsequent melt and incision help emphasize moraine relief. In three locations, melt-water streams cut obliquely across medial moraines I and H, and the west lateral moraine in deeply entrenched courses. These may have been superimposed from an overlying snow cover, In 1981, a line of 24 surface markers along the centre of moraine III was surveyed and subsequently re-surveyed later that summer and in 1982 and 1983. Down-glacier displacement of the markers was very slight, amounting to a maximum of 2.4 m in 1981-82 and 8.1 m in 1982-83 at marker 24 (Fig. 5) . Thus, slight longitudinal compressive strain is present, although it may not be a major influence on moraine morphology.
SEDIMENTS
As elsewhere (e.g. Eyles and Rogerson, 1978[b] ), medial moraine sediments are very coarse, consisting of boulders, gravel, and some coarse sand, and very angular. Bedrock forming the backwal1 of the cirque is of three major types: gneiss and anorthosite with some mafic intrusives (Wardle, 1983) . Al1 types of bedrock are deformed in steeply dipping north-south structures and tend to break into tabular blocks with two parallel surfaces. Where the moraine se pta first appear, the larger blocks form glacier tables with ice pedestals. Towards the terminus, the blocks lie paral1el to the surface forming a pavement-like cover. Medial moraine IV is composed almost entirely of dark, mafic blocks and therefore can be traced to the area of the cirque backwall where a mafic outcrop occurs in the vicinity of Western Couloir.
MORAINES ON MINARET, HIDDEN, AND ABRAHAM GLACIERS
Unlike Superguksoak Glacier, most other glaciers in the Torngat Mountains are simple cirque glaciers with a single ice-flow unit generated in a single firn basin. On Minaret Glacier, net accumulation is greatest against the eastern wall, while on Hidden and Abraham Glaciers it is greatest against the western wall (Fig. 3) .
Debris septa are predoUlinantly type y, formed from avalanche debris delivered to the firn via couloirs. Some potential exists for forming type x septa between avalanche cones but no major confluence occurs for generating large "ablation-dominant" or "ice-stream interaction" medial moraines. The septa thicken to form two medial moraines on Minaret Glacier, both skewed towards the western side of the glacier. On Hidden and Abraham Glaciers, septa first appear close to the glacier snouts and abruptly thicken to form several short moraine ridges which coalesce less than 100 m down-glacier, making virtua1\y continuous aprons of sediment. The debris becomes a supraglacial facies , equivalent to facies B, supraglacial morainic ti1\ (Eyles, 1979) in the terminal moraines formed by the glaciers. In the case of Abraham Glacier, a distinct, ridged terminal moraine is being formed along a part of the snout which has re-advanced consistently since 1981. The terminus moved forward an average of 1.2 m/year for the period 1981 to 1984, based on measurements at four sites.
Joumal of Glaciology
CONCLUSION AND DISCUSSION
Medial moraines may form in glaciers which are not n~urished from compound firn basins, nor have junctions wIth other ice streams either above or below the firn line. Most of these moraines are formed of debris which is delivered to the glacier down couloirs, bedded in firn layers or ingested by crevasses, and subsequently exposed down-glacier as overlying firn and ice is melted. In morphological respects, the moraines formed are not recognizably different from the "ablation-dominant" type of medial moraines and merge with septa of that origin on the surface of Superguksoak Glacier. Relief develops on the moraine surfaces in the same way it develops on "ablationdominant" types due to retarded rates of ice melt. The simi~arities and close association between these two types, partIcularly on Superguksoak Glacier, suggest that the term medial moraine is appropriate for both rather than only for the "ablation-dominant" type.
The moraines fall within the general description of the "avalanche-type model" (Eyles and Rogerson, I 978[a] ), which must be regarded not as a minor model but as the most important type of medial moraine forming on Torngat Mountains glaciers.
. Avalanche-type medial moraines, nourished by sedlments fed down couloirs, may be expected on glaciers where the walls of the confining cirque are high. Since the presence of extensive supraglacial debris reduces ice melt in the ablation zone, the medial moraines may be regarded as an important factor in the mass balance of such glaciers. Both the amount of shading of the glacier surface and the ~mount of sediment delivered to the glacier are likely to mcrease as the glacier-surface elevation is reduced in response to long periods of negative mass balances. Both of t~ese factors increase directly with the relative height of the clrque backwall and the length of its associated couloirs and probably inversely affect the amount of surface melt: Theoretically, this negative feed-back relationship may be r~sponsible .for the survival of small ice masses in deep clrques dUrIng sustained periods of climatic warmth. With reference to the cirque glaciers of the Torngat Mountains it raises the specific question: was this effect of sufficient magnitude to allow these glaciers to persist much reduced in size, through the post-glacial hypsither~al interval in Labrador (c. 6-3 ka B.P.)? Further research is needed to answer this question.
